Cell-cell junctions and junctions between cells and extracellular matrix are essential for maintenance of the structural and functional integrity of the cochlea, and are also a major target of acoustic trauma. While morphological assessments have revealed adhesion dysfunction in noise-traumatized cochleae, the molecular mechanisms responsible for adhesion disruption are not clear. Here, we screened the transcriptional expression of 49 adhesion-related genes in normal rat cochleae and measured the expression changes in the early phases of cochlear pathogenesis after acoustic trauma. We found that genes from four adhesion families, including the immunoglobulin superfamily and the integrin, cadherin, and selectin families, are expressed in the normal cochlea. Exposure to an intense noise at 120 dB sound pressure level (SPL) for 2 h caused site-specific changes in expression levels in the apical and the basal sections of the sensory epithelium. Expression changes that occurred in the cochlear sensory epithelium were biphasic, with early upregulation at 2 h post-noise exposure and subsequent downregulation at 1 day post-exposure. Importantly, the altered expression level of seven genes (Sgce, Sell, Itga5, Itgal, Selp, Cntn1 and Col5a1) is related to the level of threshold shift of the auditory brainstem response (ABR), an index reflecting functional change in the cochlea. Notably, the genes showing expression changes exhibited diverse constitutive expression levels and belong to multiple adhesion gene families. The finding of expression changes in multiple families of adhesion genes in a temporal fashion (2 h vs. 1 day) and a spatial fashion (the apical and the basal sensory epithelia as well as the lateral wall tissue) suggests that acoustic overstimulation provokes a complex response in adhesion genes, which likely involves multiple adhesion-related signaling pathways.
Introduction
Acoustic overstimulation is a common cause of acquired sensorineural hearing loss in the adult population. There is considerable evidence that functional loss of the cochlea is not simply a consequence of the initial mechanical destruction of the cochlea, but is also attributed to the development of complex secondary events that contributed to early as well as delayed cell damage. Gaining an understanding of the molecular mechanisms underlying cochlear damage is an important step in developing therapeutic strategies for the prevention of noise-induced hearing loss.
Cell adhesion is essential for maintenance of tissue integrity. Excessive movement of the basilar membrane of the cochlea due to acoustic overstimulation stretches the organ of Corti and compromises both cell-cell junctions and adhesion of cells to extracellular matrix. Morphological evidence for structural disruption of intercellular junctions has been observed in animal models of acoustic trauma (Hamernik et al., 1984; Henderson and Hamernik, 1986; Lim and Melnick, 1971; Saunders et al., 1985; Thorne et al., 1984) , while alteration in the barrier function of the reticular lamina due to cell junction dysfunction has also been observed (Hu and Zheng, 2008) .
Cell adhesion in the mammalian organ of Corti relies on the function of tight junctions, gap junctions, adherens junctions, and desmosomes (Gulley and Reese, 1976; Kikuchi et al., 2000; Nadol, 1978; Raphael and Altschuler, 1991) , as well as focal adhesions that form junctions between cells and extracellular matrix (Jamesdaniel et al., 2011; Littlewood Evans and Muller, 2000; Meyer zum Gottesberge et al., 2008; Tian et al., 2009 ). These junctions work coherently to maintain functional and structural integrity of tissues. Gap junctions are intercellular channels that facilitate direct communication of ions and small cytoplasmic molecules. In the cochlear sensory epithelium, gap junctions are distributed between supporting cells (Forge et al., 1999; Kikuchi et al., 1995) , and mutation of gap junction genes has been linked to congenital hearing loss (Nickel and Forge, 2008) . The tight junction is responsible for establishing compositionally distinct compartments by forming tight seals between cells (Anderson and Van Itallie, 1995; Schneeberger and Lynch, 1992) . In the cochlea, the tight junction is important for maintenance of the barrier function of the 
